Indices derived from both the isovolumic and ejection phases of left ventricular systole have been advocated as a means of defining the basal level of contractility, but their comparative reliability for separating patients with obvious myocardial disease from a normal population has not been documented. Accordingly, indices of myocardial function were measured and compared in 36 patients, 22 with normal and 14 with abnormal ventricular function, using optimal techniques of pressure measurements by cathetertip micromanometry, signal digitizing at 1 msec intervals with averaging of multiple beats, and left ventriculography by biplane cineangiography. Isovolumic indices derived from developed pressure (DP), including V max, dP/dt/DP at DP = 5, 10, and 40 mm Hg, demonstrated no sensitivity for identifying depressed myocardial function (P > 0.1 in each instance). Using total pressure (TP), V max, peak (dP/dt/TP), and peak dP/dt served to separate the two patient populations from a statistical standpoint (P < 0.001), but individual values in the two groups showed considerable overlap. By contrast, the simplified ejection phase velocity indices, mean velocity of circumferential fiber shortening (mean Vcf) and mean normalized systolic ejection rate (MNSER) showed superior sensitivity for identifying normal and abnormal patient groups and manifested minimal overlap of individual values (P < 0.001). These observations indicate that, in patients with diffuse myocardial involvement, isovolumic indices are not reliable for detecting depressed myocardial function and that ejection phase contractile indices appear to offer a preferable mode for assessing myocardial function in the basal state.
RECENT INVESTIGATIONS of myocardial function in man have emphasized the use of contractile indices derived either from isovolumic left ventricular pressure measurements or from ejection phase dimensional changes on left ventricular cineangiography. 1-is Both approaches have been vigorously pursued because of the well-recognized limitations of the classical ventricular function curve in assessing myocardial performance free of the effects of end-diastolic fiber length and myocardial wall forces. Although the isovolumic and ejection phase indices have been independently evaluated for their efficacy in detecting depression of myocardial function, there has heretofore not been an investigation, using optimal techniques of catheter micromanometry and biplane ventriculography, which compared the relative sensitivity of these measures in the same groups of patients. Moreover, most studies have reported data from total pressure derivatives only, and from small groups of normal subjects, leading to ambiguity about the true range of normal values for these indices.
Therefore, the purposes of this study were to measure both isovolumic and ejection phase indices of myocardial function by optimal techniques in order to establish normal values for the basal state, and then to test the relative sensitivity of these measures for separating normal from clearly impaired myocardial function. Only those patients with unequivocally normal or abnormal ventricular function by standard hemodynamic and angiographic criteria were selected for analysis since indices failing to discriminate under these conditions would not be expected to identify patients with subtle depression of myocardial performance. Methods
Patients
Thirty-six patients, 22 with normal and 14 with clearly abnormal myocardial function, were investigated during the course of diagnostic right and left heart catheterization. The age range, standard hemodynamic and angiographic data, and clinical diagnoses are listed in table 1. The patients having normal myocardial function underwent cardiac catheterization and coronary angiography because of atypical chest pain of unknown etiology. Of the 22 patients with normal myocardial function, 17 had normal coronary arteriograms and five had lesions which were considered hemodynamically insignificant (<40% stenotic). All patients in the normal group had values within the normal range for this laboratory for left ventricular end-diastolic pressure (<12 mm Hg), end-diastolic volume (<90 ml/M', the largest was 85 ml/M2), cardiac index (>2.5 L/min/M2), and ejection fraction (>0.52, the lowest was 0.59). All left ventricular cineangiograms were of excellent radiographic quality, and showed symmetric and synchronous wall motion on beats filmed during normal sinus rhythm. One patient demonstrated trivial billowing of the posterior leaflet of the mitral valve but without mitral regurgitation. Many patients who had normal ventricular function at rest by the above criteria were excluded from the normal group because significant coronary atherosclerosis was found on coronary arteriography.
Of the 14 patients with depression of myocardial function, all manifested three or more of the following abnormalities: 1) elevated end-diastolic pressure, 2) elevated end-diastolic volume index, 3) low cardiac index at rest, 4) reduced ejection fraction, 5) asynergy of the left ventricular wall on left ventriculography (table 1) . Although all but two patients had significant, advanced coronary atherosclerosis, none had frank ventricular aneurysms or localized dyskinetic segmental wall motion abnormalities accompanied by normal function in the remainder of the ventricle. Thus, all 14 patients in the abnormal group exhibited diffusely abnormal patterns of contraction, i.e., hypokinesis, akinesis, or dyskinesis in all segments of the left ventricle. Moreover, none of the normal or abnormal patients had a mechanical lesion such as valvular insufficiency, stenosis, or pericardial constriction. None of the abnormal patients had been taking propranolol during the 24 hr prior to or during the course of the cardiac catheterization procedure.
Data Collection and Processing
All studies were performed under mild sedation (sodium pentobarbitol, 100 mg) and local anesthesia (1% xylocaine) and catheters were inserted through a right median antecubital incision. Cardiac output was determined by taking the average of two serial indocyanine green dye dilution curves with the indicator injected into the pulmonary artery and continuous sampling of blood from the left brachial artery using a Gilford cuvette densitometer and withdrawal pump.
Left ventricular pressures were measured by means of either a Statham SF-1 or a Millar Instruments SF or 7F catheter-tip micromanometer, with reference to a zero level 10 cm above the table top. The output of the micromanometer catheter was amplified using a Hewlett-Packard photographic recording system and stored on a model 3520 Hewlett-Packard magnetic tape recorder at a tape speed of 17/s in/sec. The high-fidelity left ventricular pressure tracing was calibrated by matching the signal with a simultaneous lumen pressure (Statham SF-1 or Millar 7F) or by a predetermined electronic calibration constant (Millar 5F). The high-fidelity left ventricular pressure and electrocardiographic magnetic tape recordings were Circlu(ltionI. Volunwe XLIX, Jitme 1974 analyzed using a Sigma-3 digital computer and displayed on a Calcomp incremental plotter as previously described.`. 15 The raw pressure signal was sampled continuously at 1 msec intervals and each five consecutive samples were averaged to produce one reading every 5 msec. A QRS indicator, synchronous with the peak of the R wave of the electrocardiogram, was used as the time reference for each beat. The sequential 5 msec values relative to the QRS indicator were then averaged over several respiratory cycles and over a series of 15 or more beats in which the R-R intervals were within 25 msec of one another to obtain an average left ventricular pressure, ( fig. 1 , upper panel). The digital sampling program for beat averaging causes minimal loss of frequency response, as reported previously. '5 The following indices of left ventricular myocardial function were measured or derived from the digital data of the isovolumic portion of the average left ventricular pressure pulse (table 2): 1) peak dP/dt, 2) peak (dP/dt/total pressure) or Vpm, 3) dP/dt/developed pressure at developed pressure of 5, 10, and 40 mm Hg. In addition, V max was obtained from total pressure data by extrapolating the points between peak (dP/dt/total pressure) and peak dP/dt/total pressure back to zero pressure by nieans of a Abbreviations: Pt = Patient; SP = systolic pressure; DP = diastolic pressure; HR = heart rate; CI = cardiac index; LVEDP = left ventricular end-diastolic pressure; LVEDVI = left ventricular end-diastolic volume index; EF = ejection fraction; RCA = righ1 coronary artery; LAD = left anterior descending coronary artery; Mg = marginal branch of circumflex coronary artery; Dg = diagona. branch of left coronary artery; Circ = circumflex coronary artery; ASHD = arteriosclerotic heart diasese; PMD = primary myocardiai disease; SEM = standard error of the mean; NS = not significant. linear and polynomial (2nd order) least squares curve-fitting program, ( fig. 2 , left panel). V max was obtained from isovolumic developed pressure data by plotting dP/dt/developed pressure vs developed pressures _5 mm Hg and extrapolating to zero pressure using both exponential and polynomial (2nd order) least squares fitting programs, ( fig. 2 developed pressure points _ 10 mm Hg. The K constant for the series elastic element was ignored in computing the isovolumic indices, since its magnitude is unknown for the intact heart. Likewise, the C constant, or zero intercept, for the series elastic element was considered to be negligible as in previous investigations.' All left ventriculograms were performed using a Lehman ventriculography catheter (7F or 8F) with special effort made to position the holes of the catheter directly in front of Circuilation, Volume XLIX, Jtune 1974 the mitral valve, thereby minimizing the stimulation of ventricular premature contractions during the course of filming.
Left ventricular end-diastolic volume was measured using the area-length method'6 on near simultaneous frames of a biplane cineangiogram recorded at 76-80 frames/sec on 35 mm film in the antero-posterior and lateral projections and performed in midinspiration by selective injection of 50-70 ml of hypaque 75 into the left ventricle over 2-3 sec. During the left ventricular cineangiogram, the brachial artery Direct and Derived Indices of Cineangiography PETERSON ET AL. All dP/dt and V max values given in sec-'; Mean Vcf in ED-Circ/sec; MNSER in EDVs/sec. Abbreviations: P = pressure; TP = total pressure; DP = developed pressure; Poly = polynomial; Exp = exponential; Vcf = velocit. of circumferential fiber shortening; MNSER = mean normalized systolic ejection rate; sEM = standard error of mean; ED = end diastolic; circ = circumference; EDV = end-diastolic volume. pressure pulse, an ECG, and a cine pulse time marker corresponding to each cine-frame exposed were recorded at a paper speed of 200 mm/sec. For calculation of ejection phase indices, end-diastole was identified by the cine frame corresponding to 0.04 sec after the onset of the QRS complex of the left ventriculogram. End-ejection was defined as the maximal inward wall excursion determined by visual inspection of the cineangiogram.
In the frontal projection, the long axis of the ventricle was drawn between the midpoint of the aortic valve to the apex. The internal diameter of the minor axis was then drawn and measured at a point perpendicular to and at the midpoint of the long axis. In no instance was an extra systole or a postextra systolic beat used for calculation of the ejection phase indices.
The mean rate of circumferential fiber shortening was ( calculated as the extent of shortening of the minor axis (at the mid point of the long axis) between end-diastole and end-ejection divided by the time required for shortening less 50 msec, as previously illustrated and reported." The mean rate of circumferential fiber shortening was normalized to velocity/unit length by dividing by the end-diastolic circumference, thereby providing units of end-diastolic circumferences/sec. Similarly, the mean rate of ventricular volume reduction during ejection was assessed by calculating the fractional change in volume/sec, termed the mean normalized systolic C(irculdaotion Voluic XLIX, Juine 1974 ejection rate.' The difference in left ventricular volume between end-diastole and end-systole was likewise divided by the time required for shortening less 50 msec and the end-diastolic volume, thus providing an index of shortening in end-diastolic volumes/sec. This latter index reflects the average of all dimensional changes of the ventricle and should be particularly useful in the presence of segmental wall motion abnormalities.
All data was statistically analyzed using the Student's ttest for unpaired data and described in terms of the group means + the standard error of the mean (tables 1 and 2). 
Results
Peak dP/dt Peak dP/dt in the patients with impaired myocardial function was significantly lower than in those with normal function averaging 1310 + 78 (SEM) mm Hg/sec and 1661 ± 69 mm Hg/sec, respectively (P < 0.01), table 2. However, inspection of individual values for peak dP/dt reveals there is significant overlap between the patients in the normal and abnormal groups.
Peak (dP/dt/total pressure) and V max From Linear and Polynomial Extrapolation of Total Pressure Peak (dP/dt/total pressure) in sec-' averaged 44.0 ± 1.8 in the patients with normal and 28.1 2.7 in the patients with depressed myocardial function (P < 0.001). As shown in figure 3 , however, there were again numerous instances of overlap between the individual values for the patients in the abnormal group when compared to those in the normal group, thereby limiting the sensitivity of this index in any individual case.
V max from linear extrapolation of dP/dt/P vs total pressure averaged 52.3 + 2.2 see 1 in the patients with normal and 33.1 2.7 sec`in the patients with abnormal myocardial function (P < 0.001). Although from a statistical standpoint, V max from total pressure is quite sensitive for separating normal and abnormal patients, there was some overlap of values when individual cases were compared ( fig. 3) . A linear regression analysis of a plot of peak (dP/dt/total pressure) versus V max from total pressure reveals a highly significant correlation with a value of 0.97 ( fig.  4 ), confirming similar results of other investigations. 7 13 Since in most patients the descending limb of the isovolumic plot of dP/dt/total pressure versus total pressure formed a curvilinear relationship, rather than Correlation of peak (dP/dt/total pressure) in sec`on horizontal axis and V max from total pressure, linear extrapolation, in sec-' on vertical axis. Note high correlation coefficient with a valute = 0.97. a linear one ( fig. 1 and 2), the data points were also fitted to a 2nd order polynomial equation (y = a + bx + cx2). By this method, V max from total pressure was 68.8 ± 4.9 and 41.5 ± 4.71 sec`in the patients with normal and depressed myocardial function, respectively, (P < 0.001) as seen in figure 3 . However, discrimination between the two groups was limited by even greater overlap among the individual values than with values of V max determined from linear extrapolation.
V max Derived From Exponential and Polynomial Least Squares Fitting of dP/dt/Developed Pressure Versus Developed Pressure
The average value for V max derived from developed pressure data points 5 mm Hg, using exponential fitting, was 127.8 + 6.7 sec-' and 137.4 ± 7.2 sece1 for the normal and abnormal patients, respectively (P = NS). Using polynomial fitting, the average values were 111.4 ± 3.9 sec1 and 110.2 ± 3.6 see' for the same patients, respectively (P= NS), ( fig. 5 ).
When developed pressure points . 10 mm Hg were used, exponential fitting gave an average V max of 130.1 ± 10.0 sec-' for the normal and 142.3 ± 20.2 for the abnormal patients, respectively (P = NS). Again, polynomial fitting of these same data points provided no significant separation; V max averaged 102.1 ± 4.2 sece for the patients with normal function and dP/dt/developed pressure at a developed pressure of 5 mm Hg averaged 99.6 ± 3.6 and 98.1 ± 3.6 sec-', for the normal and abnormal groups of patients, respectively (P = NS) ( fig. 6 ). Similarly, dP/ dt/developed pressure at 10 mm Hg did not differ significantly between the normal and abnormal patient groups, averaging 79.9 ± 2.2 and 73.1 ± 2.7 sec1, respectively. dP/dt/developed pressure at 40 mm Hg also failed to separate the two patient groups, averaging 37.6 ± 2.6 sec`and 32.1 ± 1.4 sec`for the normal and abnormal patients, respectively (P = NS), ( Mean velocity of circumferential fiber shortening averaged 1.82 ± 0.13 and 0.55 ± 0.08 end-diastolic circumferences/see for the patients in the normal and abnormal groups, respectively (P < 0.001). Of note was the relative lack of overlap of the individual values of the abnormal group as opposed to the normal group, suggesting significant sensitivity of this index for identifying depressed myocardial function, ( fig. 7, table 2 ).
The mean normalized systolic ejection rate averaged 3.36 ± 0.18 and 1.04 ± 0.11 end-diastolic volumes/sec for the patients in the normal and abnormal groups, respectively (P < 0.001). The fact that there was no overlap of the individual values between the two groups indicated a high degree of sensitivity of this index for detecting depressed myocardial performance, (fig. 7, table 2 ).
Comparison of Mean Velocity of Circumferential Fiber Shortening and Mean Normalized Systolic Ejection Rate with Ejection Fraction
Since the ejection fraction was utilized as one criterion for identification of patients with normal and abnormal function, there is a methodological bias in comparing the ejection phase velocity indices with the ejection fraction. Mean Vcf is compared with the ejection fraction in figure will both represent cube root functions of the ejection fraction.
Comparison of Reported Normal Ranges for Indices of Myocardial Contractility
V max from linear extrapolation of dP/dt/P vs total pressure, was quite comparable in the group of normal patients presented here when compared to values reported by other authors. For this comparison, our data was normalized for a K value of 28 th.is se-ries are 2.47 to 5.11 muscle lengt-hs/sec. However, using, an exponential fitting routine; for fit and extrapolation, a range of 2..6 to 7.68, muscle lengths/see was fou.nd for the same data (table 3) . Using data points for develo.ped press.ure p,oints. .Q10 mrn Hg and. polynom,ial (2nd order). fitting, the range for V max reported by Graham was again quite comparable to the values, presented herein. Use of exponential fitting,, however., ag,ain appears to widen the range of normality (table 38) . Mean 
Discussion
Current-ly, there is no single indisputably valid indexof myocardial contractility in man. A comparative analysis of contractile i.ndices in patient groups must, therefore, depend on arbitrary conclusion.s of normal or abnormal myocardial function. In this, study we have attempte.d to choose su.bjects in whom there was unequivocally normal, or obviously impaired contractile function, based upon hemodynamic performance, the eject-ion fraction, and subjective interpretation of the left ventriculogram, While potentially faulty, this approach appears to be the only available means for assessing the relative usefulness of the isovolumic and ejection phase indices for characterizing basal contractility in man.
Measurement of myocardial contractile state in the intact heart, using constructs drawn from forcevelocity-length analyses of isolated papillary muscles, has necessitated critical assumptions concerning appropriate muscle models and ventricular geomnetry.1-'" 13, 14, 17 Furthermore, the independence of V max of the effects of preload and afterload, and as a quantitative index of the contractile state in isolated muscle, has been questioned by some.'8', Nevertheless, under controlled conditions, force-velocity and length-dependent behavior of the ejecting and isovolumic contractile ventricle resembling that of isolated cardiac muscle can be demonstrated.V03 al In addition, contractile indices based on force-velocity relations appear to be more sensitive to inotropic state changes than the ventricular function curve.22 Thus, they appeared to be worthy of an empirical analysis of 109,7 their utility in detecting depressed myocardial performance in a clinical setting.
The present study was focused on comparing levels of myocardial contractility or inotropic state in patients under relatively basal conditions. The need for differences in approach for accomplishing this goal, as opposed to the detection of an acutely induced change in inotropic state, has been discussed recently.23 Our analysis indicates that isovolumic phase contractility indices can be unreliable for separating patients with normal hearts from those with clearly abnormal hearts with myocardial disease. Since the patients were selected in part on the basis of normal or abnormal ejection fractions, the study could not be primarily directed toward the question of the sensitivity of the ejecting phase indices for detecting minimal myocardial dysfunction. Nevertheless, it has been reported previously that the ejection fraction may remain normal while mean Vcf is reduced in mitral regurgitation,24 and earlier studies indicated that velocity of wall motion provides a sensitive measure of contractility in the presence of aortic valve disease.2' Therefore, although ejection fraction correlates generally with mean Vcf and the velocity of volume ejection, the latter measures appear to provide enhanced usefulness, particularly in the presence of valvular heart disease. While the ejection phase indices appeared more reliable for assessing contractility in the basal state, it is possible that the isovolumic indices may be useful for detecting acute changes in inotropic state. The latter appear experimentally to be less sensitive to acute alterations in preload and afterload,26 (unpublished observations) whereas mean Vcf has been shown experimentally to be independent 
Ventriculograms all filmed in A-P projection
Abbreviations: TP = total pressure; DP = developed pressure; Vpm = peak (dP/dt/total pressure); Mean Vcf = mean velocity of circumferential fiber shortening; cire = circumferences; sec = second.
(ircul(ltwo,. Volmn,e XLIX, Jutne 1974 of acute changes in preload but sensitive to induced alterations in afterload in the conscious animal. 26 Krayenbuehl et al. have shown that the potential usefulness of applying a stress during the measurement of isovolumic indices in man to detect myocardial dysfunction, and the directional responses to such acute stresses may provide a meaningful application for isovolumic indices, despite their apparent unreliability in the basal state. 13 Isovolumic contractile indices derived from both developed and total pressure were analyzed, and some discussion of the problems inherent in these approaches seems appropriate. Since the zero intercept or C constant for the series elastic element assumes increasing importance for lower values of developed pressure, Urschel et al. arbitrarily chose to use only developed pressure values _.10 mm Hg. 28 In the above analysis we have shown force velocity curves derived from developed pressure values '5 mm Hg and .10 mm Hg. For extrapolation of these curves to V max, an exponential equation provided the best fit, and a hyperbolic equation the worst fit of the raw data points. Occasionally, a second order polynomial equation provided the best fit for the curve. Irrespective of the limits on the points used or the mathematical fitting model, however, the contractile element velocity at zero developed pressure (V max) did not serve to identify depressed myocardial function. Any potential sensitivity for detecting reduced myocardial performance may be masked by the ratio of dP/dt to developed pressure. For example, at any comparable afterload and time during isovolumic contraction, a patient with depressed ventricular function develops pressure at a slower rate, but needs to generate less active pressure due to a higher starting pressure; therefore, the ratio can remain relatively unchanged.
Since determination of V max is dependent on an arbitrary by-hand or mathematical extrapolation to zero load, we have also analyzed isolated, finite velocity determinations for their relative sensitivity and scatter in the groups of patients with normal and abnormal myocardial function. It is logical that those finite velocity measurements which are close to V max would be less influenced by loading conditions than subsequent lower values on the curve and would, therefore, remain sensitive to changes in myocardial inotropic state. In the case of the developed pressure curve, however, the contractile element velocity at 5, 10, and 40 mm Hg developed pressure did not serve to identify depressed myocardial function. On the other hand, peak (dP/dt/P) or Vpm from the total pressure curve demonstrated considerable sensitivity in distinguishing between the two groups of patients and a very high correlation with V max (fig. 4 ), confirming the same observation by other investigators.7 13 It is apparent, however, that the accuracy of measurement of ventricular preload, as reflected in the end-diastolic pressure, for any given amount of pressure generation has significant impact on the peak value of dP/dt/total pressure and the value of V max derived from total pressure. As shown in table 4, hypothetical errors in measurement of ventricular pressure of -5 mm Hg, +2 mm Hg, and +5 mm Hg lead to substantial errors in the determination of V max of +31.4%, -9.0%, and -20.1%, respectively. Comparable errors were likewise noted for peak (dP/dt/total pressure). Thus, the height of the transducer, when a fluid-filled pressure pulse is used for calibration, or the accuracy of the zero level for the micromanometer if electronic calibration is used, can assume great significance over the normal range of end-diastolic pressure. Predictably, the potential percentage error for these total pressure indices becomes less as the true end-diastolic pressure increases.
In addition to the question posed by end-diastolic pressure level and pressure calibration, one must look to the assumptions about the series and parallel elastic elements as a further possible cause for the relative insensitivity of the isovolumic indices. It is not established that the series elastic coefficient, or K constant, is the same in various types of heart disease. While experimental studies suggest that the series elastic properties are not affected by hypertrophy and The relative independence of both /total and developed pressure isovolumic indices from the effects of acute changes in preload remains somewhat controversial. M-oreover, it is not necessarily axiomatic that a contractility index, which is relatively free from the influence of acute ehanges in loading, will satisfactorily iden'tify depressed contractility under basal con-'1ditions. Several investigators have reported an inverse -relation between V max from total pressure measurements and end-diastolic pressure as a reflection of ,preload.'0, 28 On the other hand, others have reported n-egligible changes in this same index in response to volume load by leg raising or blood volume expanders.4' 31, 32 Nejad reported that peak l(dP/dt/total pressure) or Vpm was relatively constant in the face of increasing preload,33 but others have noted a decline in the same index in response to a volume load.34 Likewise, differing conclusions have been drawn concerning the dependence of V max from developed pressure on preload.8' 32, 34 In the awake dog, the index dP/dt/developed pressure at a developed pressure of 40 mm Hg has been reported to be little changed by acute reductions or increases in preloading (unpublished observations)26; however, it was somewhat reduced by steady-state increases i-n afterload produced by phenylephrine infusion at a constant heart rate.26 Regardless of these influences, however, there was large scatter in the absolute value for this index among different normal dogs, and in the same dog on different days, a finding which tends to support the relative lack of reliability of isovolumic indices for defining basal levels of inotropic state, as reported in the present studies in man.
The relative superiority of the ejection phase indices for assessment of basal myocardial contractile state may stem, in part, from their lack of dependence on a particular muscle model. The question arises, however, as to why the mean velocity of myocardial shortening should serve 'to effectivelv separate normal from abnormal patients in the basal state since this ejection phase measure is sensitive to acute changes in afterload in the intact, conscious dog.26 Some insight may be gained from previous work by Sandler and Dodge showing that wall stress often remains normal because of myocardial hypertrophy in the presence of chronic p.ressure overload.35 Moreover, data in our l-aboratory from animals with compensated, chronic volume overloading have shown that wall stress and midwall diastolic sarcomere lerngths do not change significantly as chronic left ventricular dilatation and hypertrop,hy develop.'2' 36,`In these animals, the normalized wall shortening rate du-ri-ng ejection did not change a-nd remained normal as left ventricular dilatation occurred progressively. 36 The:se observations suggest that in the face of constant diastolic sarcomere lengths, additional sarcomeres must be developed in series to account for increased heart size. Thus, the relative constancy of preloading (at the sarcornere level) and -afterloading (due primarily to wall hypertrophy), together with sustained normal contractility/unit of myocardium in the compensated state, could explain why the shortening rates/unit circumferences remain unchanged and normal under these conditions. They may become abnormal, even in the absence of chronic overloading, when an afterload mismatch develops, i.e., when basal contractility becomes reduced, normal performance/unit of myocardium cannot be ma'intained even against a normal level of aortic pressure.
Mean velocity of circumferential fiber shortening provides a measure of the average speed of shortening only at the minor axis of the ventricle. However, in patients with advanced myocardial failure, the ventricle assumes a more spheroidal configuration, and minor axis shortening may become proportionately more depressed than that along the major axis. Also, i-n some subjects, localized disorders of contraction may exist which lie in the exact area where mean Vcf is measured. To minimize these effects, we also calculated a fractional, normalized change in ventricular volume/unit time. This measure was found to be as valuable an index of myocardial performance as mean Vcf and may obviate some of these difficultie-s.
